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Abstract

Purpose: The behavioral disinhibition model (BDM) posits that a liability toward impulsivity 

evident by early adolescence underlies the coemergence of antisocial behavior and alcohol 

use (i.e., problem behaviors) in early-adolescence to mid-adolescence, but that the subsequent 

development of these problem behaviors (rather than impulsivity itself) predicts the emergence of 

antisocial personality disorder (APD) and alcohol use disorder (AUD) in late adolescence. The 

present study was designed to test these predictions of the BDM from early to late adolescence.

Methods: We used five-year longitudinal self-report data from the Philadelphia Trajectory 

Study that was collected from 2006–2012. Mediational analyses were performed using the 

Random Intercept Cross-lagged Panel Model, which enables the detection of within-person 

predictions of changes in problem behaviors during adolescence. The sample was ethnically 

and socioeconomically diverse, including 364 urban US community youth (at baseline: Mage = 

13.51(.95); 49.1% female).

Results: Consistent with the BDM, mediational analyses revealed that changes in early 

adolescent impulsivity predicted late adolescent APD and AUD criteria, mediated by changes 

in mid-adolescent alcohol use and conduct problems.

Discussion: Interventions targeting impulsivity in early adolescence could potentially halt the 

cascading chain of events leading to both late adolescent APD and AUD by decelerating growth 

in antisocial behavior and alcohol use during early-adolescence to mid-adolescence. From mid-

adolescence to late-adolescence, the consequences of early impulsivity, especially involvement 
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in antisocial behaviors, become a more relevant predictor of both APD and AUD rather than 

impulsivity itself.
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The heightened co-occurrence of antisocial behavior and substance use during adolescence 

can predict subsequent psychopathology (e.g., antisocial personality disorder [APD] and 

substance use disorder [SUD] [1]) and their co-occurrence is associated with a poorer 

prognosis [2–4]. For example, recent meta-analyses have revealed that the comorbidity 

between alcohol use disorder (AUD) and APD is as high as 76.6% [5] and that such 

comorbidity predicts treatment dropout [6]. Differences in impulsivity have long been 

acknowledged as important predictors of adolescent antisocial behavior and alcohol 

use [7,8] and subsequent disorders. As per the behavioral disinhibition model (BDM), 

impulsivity, evident by early adolescence, underlies the co-emergence of antisocial behavior 

and substance use in early and mid-adolescence [1]. By late adolescence, these problem 

behaviors predict the subsequent development of APD and SUDs, such as AUD [1,9].

The BDM hypothesizes that the cascading effects of impulsivity on early to mid-adolescent 

antisocial behavior and substance use [10] contribute to these problem behaviors becoming 

more direct predictors of psychopathology in late adolescence rather than impulsivity itself 

[1,9]. In addition, it has long been acknowledged that antisocial behavior (such as stealing 

and fighting) and substance use co-occur, with antisocial behavior typically emerging first 

[11]. As such, early impulsivity may continue to predict later alcohol use and AUD, through 

the cascading chains of mid to late adolescent antisocial behavior, but not directly [1,9]. 

Indeed, most studies suggest that adolescent impulsivity becomes less predictive of problem 

behaviors after mid-adolescence or late-adolescence [12–15].

While there is evidence to support the BDM [16], this research has focused on 

individual differences in impulsivity as predictors of subsequent individual differences in 

psychopathology. However, such tests of the theory do not directly inform us whether 

changes in impulsivity during adolescence only predict subsequent outcomes such as AUD 

and APD via behavioral tendencies such as alcohol use and antisocial behavior that emerge 

from impulsivity. That is, prior tests of the BDM have not reliably demonstrated whether 

impulsivity only continues to predict AUD and APD as mediated by the behaviors (i.e., 

alcohol use and antisocial behavior) that lead to those conditions. The present study was 

designed to test this prediction. If this prediction of the BDM were to hold, it would suggest 

that intervening on impulsivity will only provide benefit if done before its sequelae have 

emerged.

A relevant study by Elkins et al. [16] that showed support of BDM, used a twin-sample and 

3-wave longitudinal design and reported that conduct disorder symptoms at age 11 predicted 

substance use at age 14 and SUD at 18, controlling for attention deficit hyperactivity 

disorder symptoms. However, the odds ratios for conduct disorder as a predictor of 

SUD were at least 1.5 times larger than the odds ratios of attention deficit hyperactivity 

disorder symptoms. These findings provide support for BDM but also suggest that besides 
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impulsivity, conduct problems can begin to play a bigger role in predicting substance use 

especially later in adolescence. One explanation is that although impulsivity may decline 

in high-risk adolescents after its initial increase [17], the youth in that high-risk trajectory 

still show increased AUD later on [17]. Considering the findings of Elkins et al. [16], 

the abovementioned finding [17] emerged perhaps due to the sequelae of impulsivity via 

conduct problems leading to late AUD and APD. But this explanation is yet to be tested.

The present study uses repeated measurements of impulsivity, antisocial behavior, and 

alcohol use from early to late adolescence to test this cascading hypothesis. Namely, we 

simultaneously investigated (a) whether within-person changes in repeatedly measured 

impulsivity predict subsequent within-person changes in adolescent alcohol use and 

antisocial behavior (cf. [18]) and (b) whether those problem behaviors predict subsequent 

psychopathology (AUD and APD) in late adolescence rather than impulsivity itself (Figure 

1). The longitudinal design is an advantage of the present study, because despite the support 

for the BDM, in many studies impulsivity is assumed to be stable and it is either measured 

in childhood or early adulthood [19]. In fact, in a recent meta-analysis [20] on self-control 

and problem behaviors, none of the included longitudinal adolescent studies had multiple 

assessments of impulsivity across the entire adolescent period. This leaves the potential role 

of impulsivity as a predictor of subsequent problem behavior across the adolescent period 

unexamined.

Methods

Participants

The community sample of adolescents in the present study took part in the Philadelphia 

Trajectory Study [21], which was approved by the Institutional Review Board of Children’s 

Hospital of Philadelphia. In this 6-wave study, participants between ages 10–12 years 

at baseline were tested annually from 2004 to 2010, with a final 2-year follow-up in 

2012. We used audio computer-assisted self-interviewing [22] for all self-reports except for 

information on conduct problems which was collected via paper and pencil forms. Most of 

the samples (70%) were students at 7 public and private schools in the Philadelphia area. 

The remaining 30% of participants were recruited via flyers distributed at other local venues 

(e.g., libraries) [21]. We received assent from the adolescents and informed consent from 

their parents.

The present study only uses waves 3 to 6 due to low levels of alcohol use in prior waves. 

These 4 waves will be referred to as T1 (baseline), T2, T3, and T4. Attrition was 5.3%, 

5.7%, 13.4%, and 24.8% from waves 3 to 6, respectively. Valid data were available for 

364 adolescents (at baseline: 51.8% female; Mage = 13.51 years). At T4, participants were 

between ages 18–21 (Mage = 18.78 [0.72]). We define T1 as early adolescence, T2 and T3 

as mid adolescence, and T4 as late adolescence (or “emerging adulthood”). The participants 

were diverse in ethnicity: 55.07% non-Hispanic White, 26.85% non-Hispanic Black, 9.04% 

Hispanic, and 9.04% identified as other [10,21]. Most participants had a low-middle (socio-

economic status [SES]; Hollingshead Two-Factor Index of Social Status: M = 47.38 ± 15.43; 

reversed scored) [10].
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Measures

Impulsivity (T1eT4) was measured using 13 yes/no items (e.g., ‘Do you usually do and 

say things without stopping to think?’) from the Junior Eysenck Impulsivity Scale [23,24], 

which has been validated in previous studies (e.g., [25]). We focused on the acting without 

thinking about dimension of impulsivity, which pertains to behavior undertaken without 

adequate consideration of its consequences [26] because (1) it has been consistently linked 

to both substance use and antisocial behavior [18–20]; and (2) it is theoretically related to 

the behavioral disinhibition concept of BDM [14]. We summed the scores on these items, 

and thus this resulting sum-score had a continuous scale, ranging from 0 to 13. Higher 

scores indicated more impulsive behavior. Cronbach alpha’s across waves 1–4: 0.78, 0.82, 

0.77, and 0.80.

Alcohol use (T1–T4) was measured with two items that measured ever (yes/no) and past 

30-day use. These two items were combined and recoded into one scale, with the following 

response categories: never drank (= 0), used but not in past 30 days (= 1), drank 1–9 days in 

past 30 days (=2), and drank 10–30 days (= 3).

AUD criteria (AUDc) at T4 were measured with a questionnaire that tapped abuse and 

dependence as defined in the Diagnostic and Statistical Manual of Mental Disorders (DSM-

IV) [27,28]. We used these items to measure AUD as per DSM-5 criteria which do not 

distinguish between abuse and dependence, but our measure did not assess craving. The 

scale consisted of 12 items and the following categories were used: 0 = 0 criteria met, 1 = 1 

criterion met, 2 = 2 criteria met, and 3 = 3 criteria met. The final 2 categories correspond to 

a mild AUD diagnosis as per DSM-5 [24]. A total of 13.5% of participants met criteria for 

a mild AUD. Nevertheless, we used the criterion scores (range: 0e3) to measure severity of 

AUDc.

Antisocial behavior was assessed using 15 items of the Conduct Problems scale of the Youth 

Self Report [29,30] at T1–T3 that assess symptoms of conduct disorder as defined in DSM-

IV. This scale measures antisocial behaviors such as “stealing” and “physically attacking 

people”, within the last 6 months, on a scale of: nottrue (=0), somewhator sometimes true 

(=1), and very true or often true (=2). There were no items pertaining to substance use. At 

T4, participants were 18 years or older; thus the Antisocial Personality Problems scale on 

the Adult Self-Report [30] was used to assess antisocial behaviors. This scale consists of 

20 items that tap the symptoms of APD as defined in DSM-IV, with no items pertaining to 

substance use. Reliabilities for these scales [31] are high (Cronbach alpha’s >0.70) and they 

have been validated in other studies [31]. Mean scores were used for both scales.

APDc were measured at T4 using DSM-IV criteria [30,32]. This DSM-oriented scale 

comprises 20 items that were rated as being very consistent with APD [32]. The following 

categories were used: 1 = normal; 2 = borderline; and 3 = clinical. A total of 5.2% 

adolescents met the borderline range and 2.4% met the clinical range.

Strategy of analyses

The RI-CLPM was specified in Mplus 7.3 [33]. This model included stability paths for 

antisocial behavior, alcohol use, impulsivity, and cross-lagged paths between these variables. 
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Concurrent associations between these variables of interest were also estimated in this 

model. Furthermore, we controlled for gender, race, ethnicity, and SES. Next, the variance 

between persons (i.e., stable time invariant traits) was parceled out from the variance of 

the observed scores [34], by controlling the random intercept in the scores of antisocial 

behavior, substance use, and impulsivity. As a result, the cross-lagged linkages signify 

whether a within-person change in alcohol use, for example, can be predicted by deviation 

from one’s own mean score on impulsivity and vice versa [34]. We constrained the cross-

lagged paths to be equal [34] across T1–T3 as the time-lag between these time points were 

equal and since this did not worsen the model fit, X2(6) = 8.90, p = .179. To account for 

developmental changes in the means, we did not constrain the means to be equal over time 

[35]. Finally, to test for indirect effects between initial impulsivity and T4 AUD and APD, 

we included cross-sectional paths between T4 alcohol use and antisocial behavior with those 

outcomes.

To test the significance of the mediational paths, we conducted mediation analyses using 

bootstrapped standard errors [36]. Given no apparent bias in participant dropout [17,37], we 

used Full Information Maximum Likelihood for missing data [33]. The magnitude of these 

cross-lagged paths were interpreted as 0.03 (small effect), 0.07 (medium effect), and 0.12 

(large effect) [38].

Results

The means of alcohol use increased over the waves but antisocial behavior and impulsivity 

peaked at T3 and T2, respectively, and declined thereafter (Table 1). All variables were 

concurrently correlated in the expected directions at each wave (Table 2).

Random intercept cross-lagged panel model

The results of the final model are reported in Figure 2 and Tables 3 and 4. While the 

cross-sectional path between T4 impulsivity and T4 APDc was not significant (β = .043; 

p = .506), the cross-sectional path between T4 impulsivity and T4 AUDc was significant 

(β = .235; p = .004). But we found that (1) there was no stability in impulsivity from T3 

to T4; (2) no direct cross-lagged paths from T3 impulsivity to T4 alcohol use or from T3 

impulsivity to T4 antisocial behavior; and (3) no significant indirect mediational effects via 

T4 impulsivity to T4 AUDs or from T4 impulsivity to T4 APDc. Therefore, we constrained 

the paths between T4 impulsivity and T4 AUD and APD to be zero. The fit of the model 

(Chi-squared (57) = 113.603 p < .001) including these constraints was good (Comparitive 

Fit Index = 0.98; Root Mean Square Error of Approximation = 0.05; Standardized Root 

Mean Squared Residual = 0.04). The Bayesian Information Criterion also confirmed that the 

more parsimonious model without those paths provided a good fit (Bayesian Information 

Criterion = 9255.241 vs. 9255.414). These constraints are consistent with BDM, which 

posits that early adolescent impulsivity (T1) predicts APD and AUD (T4) via mid-adolescent 

(T2-T3) antisocial behavior and alcohol use (and not via impulsivity). Nevertheless, as a 

robustness check, we also tested whether impulsivity at T3 might predict subsequent T4 

AUD and APD. However, this link and any indirect paths via this link were nonsignificant.
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Taken together, results showed that changes in impulsivity only predicted changes in alcohol 

use and antisocial behavior in the first two waves of the series. In other words, impulsivity 

was no longer a significant predictor from T3 to T4. Instead, T3 antisocial behavior 

predicted both T4 alcohol use and T4 impulsivity. As for indirect effects, significant 

mediational cascading links from T1 impulsivity (via antisocial behavior) to T4 AUD (Total 

indirect: B = 0.014, 95% CI = 0.003, 0.026, p = .017; β = 0.043, 95% CI = 0.008, 0.082, 

p = .023) and to T4 APD (Total indirect: B = 0.009, 95% CI = 0.001, 0.016, p = .019; β 
= 0.062, 95% CI = 0.009, 0.104, p = .015) emerged. The link from T1 alcohol use to T2 

alcohol use was nonsignificant, and thus we tested the mediational path beginning at T2 

alcohol use instead of T1. Not surprisingly, we found significant mediational paths from 

T2 alcohol use to T4 AUDc (Total indirect: B = 0.050; 95% CI = 0.007, 0.106, p = .046; 

β = 0.039, 95% CI = 0.005, 0.084; p = .055) and significant mediational paths from T1 

antisocial behavior to T4 APD (Total indirect: B = 0.173; 95% CI = 0.057, 0.345, p =. 

017; β = 0.091; 95% CI = 0.034, .162, p = .015). For the specific indirect effects, please 

refer to Table 4. The significant cross-lagged paths were large in magnitude [38], while the 

significant indirect paths were small in magnitude. To verify our decision to only focus on 

one form of impulsivity, we also tested a model using delay discounting as the indicator 

of impulsivity but did not observe any indirect effects of this form of impulsivity to late 

adolescent psychopathology via mid-adolescent problem behaviors.

Discussion

Guided by the BDM [1], we investigated whether cascading mediating links exist from 

early adolescent impulsivity to late adolescent/emerging adulthood AUD and/or APD via 

mid-adolescent alcohol use and/or antisocial behavior (problem behaviors). Consistent with 

the BDM, the results showed that from early to mid-adolescence changes in impulsivity 

predicted changes in antisocial behavior and alcohol use. However, changes in impulsivity 

did not predict changes in antisocial behavior and alcohol use from mid-adolescence to late-

adolescence. Similarly, other studies suggest that adolescent impulsivity is less predictive of 

problem behaviors after mid-adolescence or late-adolescence [12–15]. Unlike those studies, 

the present study included repeated assessments of impulsivity (and problem behaviors), 

spanning early to late adolescence, and thus more reliably determines whether the predictive 

power of impulsivity for problem behaviors is the same during the different stages of 

adolescence.

Our findings appear to be inconsistent with a previous study [39] that found that declines in 

impulsivity were correlated with declines in problematic alcohol use in adulthood. Of note, 

unlike this study, the growth models used in that study [39] did not disentangle a possible 

role of antisocial behavior, which limits the comparisons between the results of that study 

with the present study. Nevertheless, similar to that study [39], we also found correlations 

between impulsivity and alcohol use in our adolescent sample, although impulsivity did not 

consistently predict the changes in those outcomes as adolescents aged.

Of note, we found that whereas impulsivity predicted problem behavior (and not vice 

versa) from early to mid-adolescence, a reverse link emerged in mid-adolescence to late-

adolescence with increases in antisocial behavior predicting increases in impulsivity. The 
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BDM does not hypothesize such a reversed link. Nevertheless, at least four studies [40–

43] that investigated this reversed link have found evidence for it. Perhaps, individuals 

who engage in antisocial behavior may be labeled as “rule breakers” [18,41–43], which 

could lead them to describe themselves as more impulsive as they age. This interpretation, 

extrapolated from labeling theory within the criminology–sociology literature, suggests that 

labeling someone as criminal or antisocial causes the individual to assume similar attributes 

[44]. Adolescents might be even more susceptible to such labeling effects due to their 

ongoing identity development. It would be of an added value for future research to explore 

this hypothesis.

As for mediational links, we further found support for the BDM, as mediational 

analyses showed that early adolescent impulsivity predicted late-adolescent APD via mid-

adolescent antisocial behavior. However, we did not find that early adolescent impulsivity 

predicted late-adolescent AUD via mid-adolescent substance use. Instead, we found that 

early adolescent impulsivity predicted late-adolescent AUD via mid-adolescent antisocial 

behavior. These mediational results showed small mediation effects but they are nevertheless 

consistent with the conclusion that impulsivity is a factor in early development of adolescent 

problem behavior but that this influence wanes as youth develop such that its effects are only 

evident in the consequences of early impulsivity on alcohol use and antisocial behavior.

To the best of our knowledge, this is the first study to investigate cascading mediating links 

between impulsivity, alcohol use, and antisocial behavior across adolescence. Nevertheless, 

at least one study similarly showed that both early adolescent hyperactivity/impulsivity and 

antisocial behavior predicted alcohol use by age 14 [16]. In addition, early hyperactivity/

impulsivity predicted AUD [16]. Our results are consistent with those results [16] and 

further show that the link between early impulsivity and late AUD is mediated by 

intervening changes in other problem behavior, beyond within-wave associations and 

controls for ethnicity, gender, and SES.

In sum, in a large, ethnically, and socioeconomically diverse community sample, we 

found evidence of antisocial behavior not only as a consequence of impulsivity but also 

as a predictor of alcohol use from mid-adolescence to late-adolescence. In other words, 

mid-adolescent antisocial behavior (T3) continued to predict substance use 2 years later 

in late adolescence/emerging adulthood (T4), whereas mid-adolescent impulsivity at T3 

did not. Zooming in on the sequencing of antisocial behavior and alcohol use, we only 

found evidence of a unidirectional link from antisocial behavior to alcohol use [45]. 

Finally, as mentioned previously, antisocial behavior additionally predicted AUD, whereas 

impulsivity did not. Taken together, these results imply that antisocial behavior is more 

relevant than impulsivity in predicting alcohol use, AUD, and APD in late adolescence. 

However, intervening early is critical to further avoid the consequences of impulsivity 

which are more difficult to reverse once psychopathology has developed. Prevention of 

heightened impulsivity in earlier years also needs attention, in particular focusing on 

the childhood precursors of impulsivity during early adolescence. Research suggests that 

individual factors such as childhood executive functioning and social factors such as 

parenting styles during childhood are important to consider [46]. In the present study, 

SES effects were accounted for and we found that SES was a significant predictor of 
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impulsivity at each wave. Future research could further investigate the mechanisms by which 

early exposure to socioeconomic disadvantage influences heightened impulsivity during 

adolescence, including impacts on child executive functioning and parenting behaviors 

[47,48]. As for prevention and intervention programs, individual-level interventions such 

as mindfulness training have shown promising effects for reducing both impulsivity [49] and 

antisocial behavior [50] in youth. Family-based interventions have also shown promising 

results [51].

Limitations and future directions

Despite the novel aspects of this study, some caveats should be considered when interpreting 

the results. Inspired by the BDM, the present study focused on impulsivity as an individual-

level predictor. Although social risk factors (e.g., deviant friends) are also acknowledged 

by this model, impulsivity is hypothesized to be the common risk factor that leads to 

such social risk factors. Nevertheless, social influences should also be considered in future 

tests of the model. Of note, a prior study [17] using the current sample showed via latent 

growth modeling that even the subgroup trajectory wherein impulsivity increased in early 

adolescence and declined thereafter, still predicted late SUD in late adolescence. The present 

study further suggests that in that trajectory group, increased levels of antisocial behaviors 

(as a result of increased impulsivity in early adolescence) predicted the SUD that was 

observed in that study. Hence, future studies are encouraged to consider antisocial behavior 

(in addition to impulsivity) when investigating SUD. As for measurement limitations, of 

note is that our impulsivity measure used binary (yes/no) response options, which may 

not have adequately captured the variability in impulsivity, as compared to a continuous 

measure. Nevertheless, research suggests that binary response formats versus ordinal 

multicategory response formats are equally reliable [52]. Finally, our results for AUD and 

APD were based on questionnaire responses that have been validated in past research but 

may not be as robust as diagnoses determined by trained interviewers.

Conclusion

Current results show that targeting impulsivity early in adolescence could halt the cascading 

chain of events leading to late adolescent AUD and APD, by slowing growth in antisocial 

behavior during mid-adolescence. However, it appears that during mid to late adolescence, 

intervening on the consequences of impulsivity (i.e., antisocial behavior) might be more 

useful to treat alcohol use, AUD, and APD rather than intervening on impulsivity itself. 

Thus, the findings suggest the importance of antisocial behavior as a source of risk for 

alcohol use, AUD, and APD in late adolescence. The prevalence rates of AUD and APD in 

the current ethnically and socioeconomically diverse sample were comparable to nationally 

representative samples [53,54], and hence the current results may apply to community-based 

samples of youth. To conclude, clinicians should be aware that our results suggest that 

adolescents with increasing levels of antisocial behavior are at risk of both AUD and APD.
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Refer to Web version on PubMed Central for supplementary material.

Defoe et al. Page 8

J Adolesc Health. Author manuscript; available in PMC 2024 June 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgments

The project was supported by grants R01DA018913 and R01DA033996 from the National Institute on Drug Abuse. 
The content is solely the responsibility of the authors and does not necessarily represent the official views of the 
National Institutes of Health. We thank Kristin Arena, Nancy Brodsky, and Joan Giannetta for their invaluable 
contributions to the execution of the study.

References

[1]. Iacono WG, Malone SM, McGue M. Behavioral disinhibition and the development of early-onset 
addiction: Common and specific influences. Annu Rev Clin Psychol 2008;4:325–48. [PubMed: 
18370620] 

[2]. Brown SA, Gleghorn A, Schuckit MA, et al. Conduct disorder among adolescent alcohol and drug 
abusers. J Stud Alcohol 1996;57:314–24. [PubMed: 8709590] 

[3]. Clark DB, Vanyukov M, Cornelius J. Childhood antisocial behavior and adolescent alcohol use 
disorders. Alcohol Res Health 2002;26:109–15.

[4]. Pardini D, White HR, Stouthamer-Loeber M. Early adolescent psychopathology as a predictor of 
alcohol use disorders by young adulthood. Drug Alcohol Depend 2007;88:38–49.

[5]. Guy N, Newton-Howes G, Ford H, et al. The prevalence of comorbid alcohol use disorder in the 
presence of personality disorder: Systematic review and explanatory modelling. Personal Ment 
Health 2018;12:216–28. [PubMed: 29611335] 

[6]. Newton-Howes GM, Foulds JA, Guy NH, et al. Personality disorder and alcohol treatment 
outcome: Systematic review and meta-analysis. Br J Psychiatry 2017;211:22–30. [PubMed: 
28385703] 

[7]. Farrington DP. Age and crime. In: Tonry M, Morris N, eds. Crime and Justice: An Annual Review 
of Research, Vol. 7. Chicago: University of Chicago Press; 1986:189–250.

[8]. Loeber R Development and risk factors of juvenile antisocial behavior and delinquency. Clin 
Psychol Rev 1990;10:1–41.

[9]. Zucker RA, Hicks BM, Heitzeg MM. Alcohol use and the alcohol use disorders over 
the life course: Across-level developmental review. In: Cicchetti D, editor. Developmental 
psychopathology, vol. 3, Maladaptation and psychopathology. 3rd ed. New York: Wiley; 
2016:793–832 [chapter 18].

[10]. Khurana A, Romer D, Betancourt LM, Hurt H. Working memory ability and early drug use 
progression as predictors of adolescent substance use disorders. Addiction 2017;112:1220–8. 
[PubMed: 28206689] 

[11]. Robins LN. Conduct disorder. J Child Psychol Psychiatry 1991;32:193–212. [PubMed: 2037645] 

[12]. Curcio AL, Mak AS, George AM. Predictors of delinquency among adolescents and young 
adults: A new psychosocial control perspective. Aust New Zeal J Criminol 2017;50:155–75.

[13]. Huijsmans T, Nivette AE, Eisner M, Ribeaud D. Social influences, peer delinquency, and 
low self-control: An examination of time-varying and reciprocal effects on delinquency over 
adolescence. Eur J Criminol 2019;18:192–212.

[14]. Isen JD, Sparks JC, Iacono WG. Predictive validity of delay discounting behavior in adolescence: 
A longitudinal twin study. Exp Clin Psychopharmacol 2014;22:434–43. [PubMed: 24999868] 

[15]. White HR, Marmorstein NR, Crews FT, et al. Associations between heavy drinking and 
changes in impulsive behavior among adolescent boys. Alcohol Clin Exp Res 2011;35:295–303. 
[PubMed: 21073485] 

[16]. Elkins IJ, McGue M, Iacono WG, et al. Prospective effects of attention-deficit/hyperactivity 
disorder, conduct disorder, and sex on adolescent substance use and abuse. Arch Gen Psychiatry 
2007;64:1145–52. [PubMed: 17909126] 

[17]. Khurana A, Romer D, Betancourt LM, Hurt H. Modeling trajectories of sensation seeking and 
impulsivity dimensions from early to late adolescence: universal trends or distinct sub-groups? J 
Youth Adolesc 2018;47:1992–2005. [PubMed: 29980957] 

Defoe et al. Page 9

J Adolesc Health. Author manuscript; available in PMC 2024 June 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[18]. Hemphill SA, Heerde JA, Herrenkohl TI, Farrington DP. Within-individual versus between-
individual predictors of antisocial behaviour: A longitudinal study of young people in Victoria, 
Australia. Aust New Zeal J Criminol 2015;48:429–45.

[19]. Higgins GE, Kirchner EE, Ricketts ML, Marcum CD. Impulsivity and Offending from childhood 
to young adulthood in the United States: A developmental trajectory analysis. Int J Crim Justice 
Sci 2013;8:182–97.

[20]. Vazsonyi AT, Mikuska J, Kelley EL. It’s time: A meta-analysis on the selfcontrol-deviance link. J 
Crim Justice 2017;48:48–63.

[21]. Romer D, Betancourt L, Giannetta JM, et al. Executive cognitive functions and impulsivity 
as correlates of risk taking and problem behavior in preadolescents. Neuropsychologia 
2009;47:2916–26. [PubMed: 19560477] 

[22]. Metzger DS, Koblin B, Turner C, et al. Randomized controlled trial of audio computer-assisted 
self-interviewing: Utility and acceptability in longitudinal studies. HIVNET vaccine preparedness 
study protocol team. Am J Epidemiol 2000;152:99–106. [PubMed: 10909945] 

[23]. Eysenck SBG, Easting G, Pearson PR. Age norms for impulsiveness, venturesomeness and 
empathy in children. Pers Individ Dif 1984;5:315–21.

[24]. Kuo PH, Chih YC, Soong WT, et al. Assessing personality features and their relations with 
behavioral problems in adolescents: Tridimensional personality questionnaire and Junior Eysenck 
personality questionnaire. Compr Psychiatry 2004;45:20–8. [PubMed: 14671733] 

[25]. Kahn JA, Kaplowitz RA, Goodman E, Emans SJ. The association between impulsiveness and 
sexual risk behaviors in adolescent and young adult women. J Adolesc Health 2002;30:229–32. 
[PubMed: 11927234] 

[26]. Khurana A, Romer D. Impulsivity in adolescence: History and consequences. In: Hupp S, Jewell 
J, eds. The encyclopedia of child and adolescent development. Hoboken, NJ: Wiley Blackwell; 
2019.

[27]. Substance Abuse and Mental Health Services Administration. Results from the 2010 national 
survey on drug use and health: Summary of national findings. Rockville, MD: Substance Abuse 
and Mental Health Services Administration; 2011.

[28]. American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 4th ed. 
Washington, DC: American Psychiatric Association; 2000.

[29]. Achenbach TM. Manual for the youth self-report and 1991 profile. Burlington: University of 
Vermont, Department of Psychiatry; 1991.

[30]. Achenbach TM, Dumenci L, Rescorla LA. DSM-oriented and Empirically based approaches to 
constructing scales from the same item pools. J Clin Child Adolesc Psychol 2003;32:328–40. 
[PubMed: 12881022] 

[31]. Achenbach TM, Rescorla LA. Manual for the ASEBA adult forms & profiles. In: Manual for 
the ASEBA adult forms & profiles. Burlington, VT: University of Vermont, Research Center for 
Children, Youth, & Families; 2003:92.

[32]. Achenbach TM, Dumenci L, Rescorla LA. Ratings of relations between DSMIV diagnostic 
categories and items of the adult self-report ( ASR ) and adult behavior checklist (ABCL). 2003. 
Available at: https://aseba.org/wp-content/uploads/2019/02/dsm-adultratings.pdf. Accessed July 
7, 2022.

[33]. Muthén LK and Muthén BO Mplus User’s Guide. Seventh Edition. Los Angeles, CA: 
Muthén & Muthén; 1998–2012. Available at: https://www.statmodel.com/download/usersguide/
Mplus%20user%20guide%20Ver_7_r3_web.pdf. Accessed July 07, 2022.

[34]. Hamaker EL, Kuiper RM, Grasman RPPP. A critique of the cross-lagged panel model. Psychol 
Methods 2015;20:102–16. [PubMed: 25822208] 

[35]. Keijsers L. Parental monitoring and adolescent problem behaviors. Int J Behav Dev 2016;40:271–
81.

[36]. MacKinnon D, Lockwood C, Williams J. Confidence limits for the indirect effect: Distribution 
of the product and resampling methods. Multivariate Behav Res 2004;39:99–128. [PubMed: 
20157642] 

Defoe et al. Page 10

J Adolesc Health. Author manuscript; available in PMC 2024 June 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://aseba.org/wp-content/uploads/2019/02/dsm-adultratings.pdf
https://www.statmodel.com/download/usersguide/Mplus%20user%20guide%20Ver_7_r3_web.pdf
https://www.statmodel.com/download/usersguide/Mplus%20user%20guide%20Ver_7_r3_web.pdf


[37]. Defoe IN, Khurana A, Betancourt LM, et al. Disentangling longitudinal relations between 
youth cannabis use, peer cannabis use, and conduct problems: Developmental cascading links to 
cannabis use disorder. Addiction 2019;114:485–93. [PubMed: 30457181] 

[38]. Orth U, Meier LL, Bühler JL, et al. Effect size guidelines for cross-lagged effects. Psychol 
Methods 2022.

[39]. Littlefield AK, Sher KJ, Wood PK. Is “Maturing out” of problematic alcohol involvement related 
to personality change? J Abnorm Psychol 2009;118: 360–74. [PubMed: 19413410] 

[40]. de Kemp RAT, Vermulst AA, Finkenauer C, et al. Self-control and early adolescent antisocial 
behavior. J Early Adolesc 2009;29:497–517.

[41]. Farrington DP, Loeber R, Yin Y, Anderson SJ. Are within-individual causes of delinquency 
the same as between-individual causes? Crim Behav Ment Health 2002;12:53–68. [PubMed: 
12357257] 

[42]. Ge X, Conger RD. Adjustment problems and emerging personality characteristics from early to 
late adolescence. Am J Community Psychol 1999;27:429–59. [PubMed: 10492883] 

[43]. Clinkinbeard SS, Barnum TC, Rhodes TN. The other side of the coin: Exploring the effects of 
adolescent delinquency on young adult self-control. J Crim Justice 2018;56:86–97.

[44]. Becker SJ, Marceau K, Hernandez L, Spirito A. Is it Selection or Socialization? Disentangling 
peer influences on Heavy Drinking and Marijuana Use among adolescents Whose parents 
received Brief interventions. Subst Abuse 2019;13:1178221819852644. [PubMed: 31236010] 

[45]. Robins LN. The intimate connection between antisocial personality and substance abuse. Soc 
Psychiatry Psychiatr Epidemiol 1998;33:393–9. [PubMed: 9708027] 

[46]. Macdonald AN, Goines KB, Novacek DM, Walker EF. Prefrontal mechanisms of comorbidity 
from a transdiagnostic and ontogenic perspective. Dev Psychopathol 2016;28:1147–75. 
[PubMed: 27739395] 

[47]. Evans GW, Farah MJ, Hackman DA. Early childhood poverty and adult executive functioning: 
Distinct, mediating pathways for different domains of executive functioning. Dev Sci 
2021;24:e13084. [PubMed: 33475221] 

[48]. Yu D, Caughy MOB, Smith EP, et al. Severe poverty and growth in behavioral self-regulation: 
The mediating role of parenting. J Appl Dev Psychol 2020;68:101135. [PubMed: 34621101] 

[49]. Himelstein S. Mindfulness-based substance abuse treatment for incarcerated youth: A mixed 
method pilot study. Int J Transpers Stud 2011;30:1e10.

[50]. Milani A, Nikmanesh Z, Farnam A. Effectiveness of mindfulness-based cognitive therapy 
(MBCT) in reducing aggression of individuals at the juvenile correction and rehabilitation center. 
Int J High Risk Behav Addict 2013;2:126–31. [PubMed: 24971290] 

[51]. Stormshak E, DeGarmo D, Chronister K, Caruthers A. The impact of family-centered prevention 
on self-regulation and subsequent long-term risk in emerging adults. Prev Sci 2018;19:549–58. 
[PubMed: 29101645] 

[52]. Dolnicar S, Grün B, Leisch F. Quick, simple and reliable: Forced binary survey questions. Int J 
Mark Res 2011;53:7.

[53]. Grant BF, Goldstein RB, Saha TD, et al. Epidemiology of DSM-5 alcohol use disorder: Results 
from the national epidemiologic survey on alcohol and related conditions III. JAMA Psychiatry 
2015;72:757–66. [PubMed: 26039070] 

[54]. Goldstein RB, Chou SP, Saha TD, et al. The epidemiology of antisocial behavioral syndromes in 
adulthood: Results from the national epidemiologic survey on alcohol and related conditions-III. 
J Clin Psychiatry 2017;78:1165.

Defoe et al. Page 11

J Adolesc Health. Author manuscript; available in PMC 2024 June 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



IMPLICATIONS AND CONTRIBUTION

Targeting impulsivity during early adolescence could halt the cascading chain of events 

leading to late adolescent alcohol use disorder (AUD) and antisocial personality disorder 

(APD) criteria, by slowing growth in antisocial behavior during mid-adolescence; 

however, intervening on impulsivity after early adolescence might be too late to prevent 

AUD and APD.
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Figure 1. 
All examined paths of the RI-CLPM. Within-wave associations and control variables 

(gender, SES, and ethnicity) are not depicted. In the final RI-CLPM, all paths from T4 

impulsivity to T4 Alcohol Use Disorder symptoms and from T4 impulsivity to T4 Antisocial 

Personality Disorder symptoms could be constrained to 0.
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Figure 2. 
Significant standardized paths of the final RI-CLPM. Within-wave associations and control 

variables (gender, SES, and ethnicity) are not depicted.
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Table 1

Descriptive statistics of variables in the RI-CLPM model

Variables Minimum Maximum Mean SD

T1 Alcohol use 0 3.00 0.44 0.70

T2 Alcohol use 0 3.00 0.53 0.76

T3 Alcohol use 0 3.00 0.77 0.89

T4 Alcohol use 0 3.00 1.42 0.87

T4 AUDc 0 3.00 0.47 0.85

T1 Impulsivity 0 13.00 5.19 3.29

T2 Impulsivity 0 13.00 5.23 3.53

T3 Impulsivity 0 12.00 4.76 3.20

T4 Impulsivity 0 13.00 4.07 3.24

T1 Antisocial behavior 0 1.40 0.22 0.23

T2 Antisocial behavior 0 1.00 0.24 0.21

T3 Antisocial behavior 0 1.27 0.27 0.24

T4 Antisocial behavior 0 1.00 0.22 0.19

T4 APDc 1 3.00 1.10 0.37

APDc = Antisocial Personality Disorder criteria; AUDc = Alcohol Use Disorder criteria.
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Table 3

RI-CLPM: Links between alcohol use, impulsivity, antisocial behavior, alcohol use disorder criteria, and 

antisocial personality disorder criteria

Parameters B SE (B) β SE (β)

Cross-lagged paths

 T1 Impulsivity → T2 Antisocial 0.01** 0.00 0.16** 0.06

 T1 Alcohol → T2 Antisocial 0.02 0.02 0.07 0.05

 T2 Impulsivity → T3 Antisocial 0.01** 0.00 0.15** 0.05

 T2 Alcohol → T3 Antisocial 0.02 0.02 0.07 0.05

 T3 Impulsivity → T4 Antisocial 0.00 0.01 0.02 0.09

 T3 Alcohol → T4 Antisocial 0.00 0.02 0.01 0.09

 T1 Impulsivity → T2 Alcohol 0.04* 0.02 0.16* 0.07

 T1 Antisocial → T2 Alcohol 0.41 0.25 0.12 0.07

 T2 Impulsivity → T3 Alcohol 0.04* 0.02 0.14* 0.07

 T2 Antisocial → T3 Alcohol 0.41 0.25 0.10 0.06

 T3 Impulsivity → T4 Alcohol −0.01 0.02 −0.04 0.08

 T3 Antisocial → T4 Alcohol 0.82** 0.28 0.23** 0.04

 T1 Alcohol → T2 Impulsivity 0.12 0.28 0.03 0.06

 T1 Antisocial → T2 Impulsivity 1.66 0.96 0.12 0.07

 T2 Alcohol → T3 Impulsivity 0.12 0.28 0.03 0.07

 T2 Antisocial → T3 Impulsivity 1.66 0.96 0.12 0.07

 T3 Alcohol → T4 Impulsivity −0.25 0.36 −0.08 0.11

 T3 Antisocial → T4 Impulsivity 3.12* 1.28 0.26* 0.11

Final links to T4 AUDc

 T4 Antisocial → T4 AUDc 1.64** 0.46 0.32* 0.09

 T4 Alcohol → T4 AUDc 0.27** 0.06 0.24* 0.05

Final links to T4 APDc

 T4 Antisocial → T4 APDc 1.77** 0.26 0.78* 0.06

 T4 Alcohol → T4 APDc −0.03 0.03 −0.05 0.05

T1 Correlations

 T1 Antisocial - T1 Alcohol 0.06** 0.01 0.49** 0.08

 T1 Antisocial - T1 Impulsivity 0.28** 0.06 0.53** 0.06

 T1 Alcohol - T1 Impulsivity 0.61** 0.18 0.39** 0.09

Correlated residuals

 T2 Antisocial - T2 Alcohol 0.03** 0.01 0.32** 0.06

 T2 Antisocial - T2 Impulsivity 0.11** 0.03 0.33** 0.07

 T2 Alcohol - T2 Impulsivity 0.18 0.10 0.13 0.08

 T3 Antisocial - T3 Alcohol 0.03** 0.01 0.29** 0.07

 T3 Antisocial - T3 Impulsivity 0.13** 0.03 0.35** 0.07
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Parameters B SE (B) β SE (β)

 T3 Alcohol - T3 Impulsivity 0.21* 0.10 0.14 0.07

 T4 Antisocial - T4 Alcohol 0.02* 0.01 0.15* 0.07

 T4 Antisocial - T4 Impulsivity 0.14** 0.04 0.39** 0.08

 T4 Alcohol - T4 Impulsivity 0.14 0.13 0.08 0.08

*
p < .05;

**
p < .01

SE = standard error; AUDc = Alcohol Use Disorder criteria; APDc = Antisocial Personality Disorder criteria.
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Table 4

Significant specific mediational links to alcohol use disorder criteria (AUDc) and antisocial personality 

disorder criteria (APDc)

Parameters B 95% CI

Mediational links from T2 alcohol use to T4 AUDc

 T2 AU→T3 AU→T4 AU→T4 AUDc 0.032 0.008, 0.070

Mediational links from T1 Antisocial behavior to T4 APDc

 T1 AB→T2 AB→T3 AB→T4 AB→T4 APDc 0.159 0.049, 0.321

Mediational links from T1 Impulsivity to T4 AUDc

 T1 IMP- > T2 AB- > T3 AB- > T4 AB- > T4 0.004 0.001, 0.008

 AUDc T1 IMP- > T2 IMP- > T3 AB- > T4 AB- > T4 AUDc 0.004 0.001, 0.007

Mediational links from T1 Impulsivity to T4 APDc

 T1 IMP- > T2 AB- > T3 AB- > T4 AB- > T4 APDc 0.004 0.001, 0.008

 T1 IMP- > T2 IMP- > T3 AB- > T4 AB- > T4 APDc 0.004 0.001, 0.007

AB = Antisocial Behavior; APDc = Antisocial Personality Disorder criteria; AU = alcohol use; AUDc = Alcohol use Disorder criteria; IMP = 
Impulsivity.
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